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Instituto de Fisica, Universidade Estadual de Campinas, Carinas, Sao Paulo, Brazil (Received 27 November 19S5) %e study the electronic structure of the Mo 4d and % 5d impurities in GaAs, using the cluster approach within the multiple-scattering Xa formalism; results are also given for the Cr 3d isovalent impurity. Multiplet structures for the systems are evaluated through the approach of Fazzio, Caldas, and Zunger. Our results indicate that the Mo and % impurities will present a low-spin ground state in the 2+ oxidation state {acceptor), and that the observed luminescence lines are not related to the 'E~' T& internal transition of the isolated substitutional Mo and %' impurities. served in GaP:Cr + with a zero-phonon line (ZPL) at -0.87 eV. 5 In the case of GaAs:Cr + the excited~E state is resonant at the conduction band; however, under hydrostatic pressure (beyond -6 kbar) the state splits from the band and the luminescence can be seen with the ZPL at -0.82 eV. 7 For InP:Cr + the excited state is also resonant at the conduction band, and only the absorption is observed (locating the sE state at about 0.23 eV above the minimum of conduction bands).
Our aim here is to analyze the isovalent impurities Mo and % in GaAs, vrith emphasis on the eventual similarities to GaAs:Cr. The mean-field results are obtained through the multiple-scattering Xa method (MS-Xa) (Ref. 9) with an impurity-centered 17-atom cluster of Td symmetry, and with the Watson-sphere boundary condition the same model is applied to the system GaAs:Cr, which will be referred to for comparison. Many 
III. THEORETICAL RESULTS

A. Mean field
We use model clusters with a central impurity atom, Cr, Mo, and W, a first-neighbor shell of 4 As atoms and a second-neighbor shell of 12 Ga atoms (1TM-4As-12Ga). The electronic structure is obtained through the MS-Xa The MS-Xa method has already been used by Hemstreet' to study GaAs:Cr, with the hydrogensaturation boundary condition (1Cr -4As -12H). As for the Mo and % impurities in a III-V compound, these calculations are, to our knowledge, the first electronic structure calculations.
We present in Fig. 1 (~E(5')~E(4T) ))
The quantity b, eI' involves the difference in mean-field ionization energies HMF( -/0), using the transition-state 
